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0 Printed circuit board. 

@ This printed drcuit board (200) with optical sig- 
nal distribution layer (101, 102) uses a layer of 
transparent material or an optical fiber mat build frito 
tlie laminated printed circuit board structure to inter- 
connect various optoelectrical devices (110,111) 
which ere attached to the surfece of the printed 
circuit board. 

The optical devices m connected to the buried 
optical fiber layer by drilBng vlas In the printed 
circuit board to intercept the fiber or the particular 
optical signal distribution layer at a desired location. 
The via is then filled with an optical material (210) 
whose optical properties provide for the coupling of 
light energy from the intercepted optical signal dls- 

atribution layer through the via material to the surface 
of the printed drcuit board. Opto-electrical devices 
^are connected over the top of these vlas and per- 
fjjforn) the optical light energy to etedrical signal con- 
O version function. 
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PRINTED CmCUIT BOARD 



This invention relates to printed circuit boards. 
It is a problem to interconnect optical devices 
on a printed circuit board. These optical devices 
are generally interconnected by routing individual 
optical fibers along the surface of the printed circuit 
board. These optical fibers are usually not attached 
in any way to the printed circuit t>oard and are thus 
exposed to dannage in manufacturing and handHng 
of the printed circuit board. 

According to one aspect of the present inven* 
tion. there is provided a method of manufacturing a 
drcurt t>oard, comprising the step of arranging op* 
ticat signal distribution means relative to a compo- 
nent layer characterised by laminating at least an- 
other layer of circuit board to the said component 
layer to cover the said distribution means, and 
fonning at least one via of optical transmission 
materia] through at least one of the said layers 
between the said distribution means and the sur- 
face of the circuit board. 

According to another aspect of the invention, 
there Is provided a printed circuit board comprising 
a component layer, and optical signal distribution 
means secured to the said component layer, 
characterised by at least anotiier layer of drcurt 
board laminated to the component layer and cover- 
ing the said distribution means, and at least one via 
of optical transmission material extending through 
at least one of the layers between the (fistribution 
means and the surfeoe of the circuit board. 

The above problem is solved and a technical 
advance is achieved in the present invention by 
providing a printed drcuit board with at least one 
optical signal distribution means. In one embodi- 
ment of the invention the optical signal distribution 
means comprises one or rnore Individual optical 
fitters buried in the printed drcuit board stnidure 
to interconnect ivith the optical devices that are 
attached to the printed drcuit board. During ttie 
manufacturing process these optical fibers are po- 
sitioned relative to and preferably secured to a 
component layer and then laminated with the other 
component layers to become part of the printed 
drcuit board structure. 

In anotiier embodiment of tite invention, the 
optical signal dlstritnition means comprises at least 
one optical signal cfistribution layer. The distribution 
layer Is a layer of transparent material or an optical 
fiber mat built into the laminated printed drcuit 
board structure to interconnect various opto-elec- 
trical devices which are attached to tiie surface of 
the printed drcuit kKiard. 

The optical devices mounted on the sufaoe of 
the printed drcuit board are connected to the 
buried optical fibers or the distribution layer by 
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drilling a via or vias in the printed drcuit board to 
intercept an optical fiber or fibers or the layer or 
layers. The via is then filled with an optical material 
whose optical properties couple the light energy 
from the intercepted optical fiber or distribution 
layer through the via material to the surface of the 
printed circuit board. The optical device(s) is at* 
tached to the surface of the printed circuit t>oard 
over the via(s). The optical device contains an 
opening in the bottom thereof so that light energy 
can be transmitted from or received from the via 
by the bottom side of the optical device. Received 
light is converted Into electrical signals. 

in this . fashion, the printed circuit board with 
optical signal disblbution layer avoids the problem 
of having individual optical fibers interconnect op- 
tical devices on the surface of the printed drcurt 
board. The buried optical fibers or optical distrilxj- 
tion layer are not subject to damage in manufactur- 
ing or handling of the printed drcuit board. This 
arrangement also provides an improved structure 
for temninating the optical distribution layer or op* 
tical fibers on an optical filler connector. 

The invention may be tsetter understood from a 
reading of the foBowing description of two embodi* 
ments taken into coryunction with the drawing, in 



RG. 1 illustrates the structiffe of the printed 
drcuit board with optical sigr^ distribution layer; 

FIG. 2 Illustrates in cross sectional form the 
structure of one of the optical vias; 

RG. 3 illustrates, in exploded form, tiie 
structure of the second embodiment showing the 
printed drcuit tx>ard with the optical signal disblbu- 
tion layer: ^d 

RG. 4 illustrates, in a cross sectional view, 
the structure of the optical viae of the second 
emt>odiment 

An epoxy glass printed drciflt board is nor- 
mally constoicted from one or more layers, called 
component layers, of epoxy glass material. Each 
component layer in an epoxy glass printed drcuit 
board is fabricated from a plurality of glass mats. 
The glass mats are impregnated wttti epoxy adhe- 
sive and stacked one on top of ti)e otiier to form 
tiie component layer. The glass mats form a rigid 
matrix once the epoxy adhesive cures. Electrically 
conductive paths can be added to the top and 
bottom surfaces of tiie component layer by lami- 
nating a copp«^ coating on the top and t>ottom 
surfaces of the component layer. The copper coat- 
ing can then be etched in well known fashion to 
create electrlcaily conductive patiis. 

In a multi-layer printed drcuit board, a plurality 
of component layers are gkied togetiier witti an 
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adhesive commonly referred to as B-stage epoxy 
adhesive. This B-stage epoxy adhesive is applied 
to mating surfaces of the component layers and the 
resulting structure is subjected to the application of 
heat and pressure to cure the adhesive and fomi a 
unitary multi-layer printed circuit board structure, 

FIG. 1 illustrates the printed circuit board in 
which optical fibers form the optical ^gnal distribu- 
tion means. This printed circuit board is displayed 
In FIG. 1 in exploded form wherein the board is 
constructed of two printed circuit board componOTt 
layers 100 and 101. One or both of these printed 
circuit board component layers carry the circuit 
elements which are to be interconnected by the 
electrically and optically conductive paths of the 
printed circuit board. RG. 1 illustrates a plurality of 
circuit elements 120-12n attached to the surface of 
printed circuit board component layer 100. Like- 
wise, a plurality of circuit elements can be attached 
to the bottom surface of printed circuit board com- 
ponent layer 101 and ttie outline of one such 
device 201 is illustrated in RG. 1. These devices 
can t>e electrical devices and/or opto^ectrical de- 
vices. Printed circuit board component layer 100 
canies numerous electrically conductive pirths (not 
shown) in the top surface thereof to Interconnect 
the input and output tenminals of the various elec- 
trical devices attached to the top surface of printed 
circuit board component layer 100. One or more of 
the devices attached to printed circuit board com- 
ponent layer 100 can be opto-electrical devices, 
which perform a signal conversion function t)e- 
tween electrical signals and optical signals. 

In addition to printed circuit board component 
layers 100 and 101. an optical fiber connector 102 
is shown with four optical fibers 110-113 connected 
thereto. Printed circuit board component layer 101 
has illustrated on the top surface therecrf four dot- 
ted lines which Indicate the pattern in which the 
optical fibers connected to optical fiber connector 
102 are arranged on the surtace of printed circuit 
board component layer 101. tn manufecturing the 
printed circuit board with optical signal distribution 
tayer. printed circuit board component layer 101 is 
arranged to have the four optical fibers 110-113 
secured to the top surface thereof. The method of 
anwging the optical fibers to the surface of printed 
ctrcutt board component layer 101 is preferably 
done with an adhesive. Each of the optical fibers 
110-113 is adhesively bonded in a predetemilned 
pattern of the top surface of printed circuit board 
component layer 101. A layer 103 of B-stage ep- 
oxy adhesh^ ts applied to either the* top surface of 
component layer 101 or the bottom surface of 
component layer 100. Printed circuit tx>ards com- 
ponent layer 100 is then laminated on top of the 
optical fibers 110-113 attached to the top suriace 
of printed circuit board component layer 101 there- 



by producing a multilayer circuit board in which the 
optical fibers are sandwiched between printed cir- 
cuit board component layers 100 and 101. 

Printed circuit board component layer 101 con- 
5 tains one or more holes or vias drilled through the 
printed drcuit board component layer. Each of the 
holes 130-133 is drilled through the printed drcuit 
board component layer to intersect or interact with 
a respective one of optical fibers 110-113. These 
10 holes or vias are then filled with an optical nutterial 
so that any light energy carried by one of the 
optical fibers intercepted t>y the via would be trans- 
mitted through the optical ntaterial to the surtece of 
the printed circuit board component layer, 
rs RG. 2 illustrates a cross sectional view of an 
optical via 203 through an assembled printed cir- 
cuit board. Printed circuit board component layers 
100 and 101 sandwich B-stage epoxy adhesive 103 
and the plurality of optical fibers, one of which 

20 (111) is shown on RG. 2. The unitary stojcture that 
results from the lamination of printed circuit board 
component layer 100 to component layer 101 re- 
sults in a printed drcuit board 202. The optical v« 
203 shown in RG. 2 is exaggerated in Ite cfimen- 

25 sions to illustrate the concept of the subject inven- 
tion. Optical via 203 is drilled through tiie top 
surface of printed drcuit board 202 to intersect 
optical fiber 111. Optical material 204 is then cast 
into optical via 203 to canry tiie fight energy from 

30 the optical fiber ill to the top surface of printed 
drcuit boanj 202. The optical via can be drilled to 
K^st intersect optical fiber 111 or can be drilled all 
the way tiirough printed drcuit board 202 and a 
minrored plug 210 inserted tiierstn from the bottom 

35 of the printed drcuit board to reflect tiie light 
energy carried by optical fiber ill up to tiie top 
surface of tiie printed drcuit board 202 tiirough 
optical material 204. In either case, tiie light energy 
is canied from optical fiber 111 through optical 

40 material 204 to opto-eiedrical device 121. Alter- 
natively, optical energy can be generated in device 
121 and canried to fiber 111. As described above, 
opto-eiectrical device 121 has an opening in tiie 
bottom thereof where light energy from the optical 

46 material 204 can be transmitted Into tiie inside of 
opto-eiectrical device 121. Opto-etectrical device 
121 contains well known optical to etectrical con- 
version drouftry which converte signals between an 
electrical tomnat and the light energy canied or to 

00 becaniedby optical fiber 111. 

In this embodiment, optical fiber or fibers are 
buried In tiie structure of printed drcuit board 202 
to become part of tiie unitary printed drcuit boanj 
aid is tiierstore not exposed to handling or manu- 

66 facturing. Optical fibers 110-113 can be pigtailed 
off tiie end of printed drcuit board 202 to connect 
to an optical fiber connector 102. The optical fibers 
110-113 could be completely encapsulated by tiie 
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printed circuit board and the epoxy board material 
etched away at the very end of the assembly 
process to expose optical fibers 110-113 for con- 
nection to optical fiber connector 102. 

RG. 3 Illustrates, in exploded diagram form, 
the structure of the printed circuit board with two 
optical signal distribution layers, although only one 
such layer could be employed. The printed circuit 
board consists of two printed circuit board layers 
300. 304 which comprise the top and bottom layers 
of the printed circuit board. Printed circuit board 
layers 300. 304 can be either component layers, 
described above, or optical fiber mats. To simplify 
the description, printed circuit board layers 300, 
304 are assumed to be component layers. Printed 
circuit board component layers 300 and 304 are 
the printed circuit board layers to which the various 
electrical and opto-electrical devices are attached. 
In addition, the printed circuit board includes at 
(east one signal distritnition means in the form of 
one or more optical signal distribution layers 301. 
303 which can be either optical fiber mats or layers 
of optically transparent material. 

If optical fiber mats are used to implement 
optical signal distribution layers 301,303. the op- 
tical fiber mats must be bonded such as by diffu- 
^on prior to printed circuit board assembly. The 
optical fiber mats consist of a X-Y matrix of inter- 
woven optical fibers. To provide an optical signal 
(fistribution layer, the optical fibers In tiie optical 
fiber mat are diffusion tionded at a sufficient num- 
ber of X-Y intersections so that optical signals can 
be coupled throughout the optical fiber mat The 
diffusion lionding at these X-Y Intersections cou- 
ples ttte optical signals from one optical fiber to 
another and also provides additional medianical 
stability to ttie optical fit>6r mat 

These optical signal distribution iayers 301. 
303 are separated from each other by an opaque 
layer of material 302. The opaque layer of material 
302 IS inserted between optical signal distribution 
layers 301, 303 to prevent any light coupling be- 
tween optical agnal distiibution layers 301, 303. 
Optical signal distribution layers 301-303 m then 
interspersed witii iayers of B-stage epoxy adhesive 
321-324 and sandwiciied between printed circuit 
board component layers 300, 304 and the entire 
structure is laminated togetfier to create a unitary 
structure having. In the exemplary emtsodiment, 
two optical ^gnal cfistiibution iayers 301,303. The 
optical signal distributions layers 301, 303 can be 
connected via optical fiber pigtsdl leads 306. 307 to 
an optical fiber connector 305. 

A numt)er of electrical and opto-electrical de- 
vices 310-313 are shown on RG. 3 to iiiustrate the 
location of the various devices attached to the top 
surface of component layer 300 of the printed 
circuit board. Devtoes such as 310-313 can be 



attached to printed circuit board component layer 
300 as well as printed circuit board component 
layer 304. Various electrically conductive pattis (not 
shown) are also attached to the surface of printed 
5 circuit board component layers 300, 304 in well 
known fashion to interconnect the Input and output 
electrical terminals of the various devices 310-313 
attached to the surface of printed circuit board 
component layers 300, 304. One or more devices 
70 310-313 attached to the ^irface of printed circuit 
board component layer 300 can be opto-eiectrical 
devices which perform a signal conversion function 
to convert between optical light energy carried by 
the optical signal distribution layer and the elec- 
ts tiical signals transmitted via the electrically con- 
ductive paths to various electrical devices attached 
to the surface of printed circuit board component 
layer 300 or 304. 

RG. 4 illustrates across sectional view of two 

20 optical vias drilled through the printed circuit board 
component layer 300. Optical via 414*shown on ttie 
left side of RG. 4 is drilled through printed circuit 
board component layer 300 to optical signal dis- 
tribution layer 301. This optical ^gnal distribution 

2S layer can be a matrix of optical fibers or a layer of 
transparent material which conducts light energy 
throughout that layer of tfie printed circuit board. 
Optical material 412 fills via 414 and has optical 
properties such tiiat tiie light energy in optical 

30 signal distrftMition layer 301 is coupled through tiie 
optical material 412 to the surteoe of printed circuit 
board component' layer 300. Optical device 311 Is 
connected to tfie top surface of printed circuit 
board compionent layer 300 directiy over optical via 

35 414. Opto-electrical device 311 contains an open- 
ing in the bottom tiiereof so that light energy car- 
ried to the surface of tiie printed circuit board by 
optical material 412 enters ttie opening in opto- 
electrical device 311 and is converted ttierein into 

40 electrical signals. 

In similar fashion, opto-elecbical device 310 on 
ttie right hand side of RG. 4 covers optical via 413 
drilled through printed drant board component lay- 
er 300, optical signal distribution layer 301, opaque 

45 layer 302 to optical signal distribution layer 303. An 
opaque material 410 is used to coat the sides of 
this vte so that tight energy firom optical signal 
distiibution layer 301 does not enter via 413. Op- 
tical material 411 fills via 413 so that tiie light 

50 energy can be transmitted between optical signal 
distribution layer 303 and device 310 ttirough op- 
tical material 411. As vvitti opto-electilcal device 
311. opto-elecbical device 310 converts fight en- 
ergy transmitted through optical signal distribution 

65 layer 303 and opti'cal material 411 into electiical 
signals for transmission over ttie electrically con- 
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ductive paths on the surface of printed circurt 
board component layer 310 to various others of the 
devices attached thereto. 



Ctaima 

1. A noethod of manuticturing a circuit board, 
comprising the step of anwging optical signal dis- 
tribution means (110 to 113 or 303) relative to a 
component layer (101 or 304), CHARACTERISED 
BY laminating at least another layer (100) of circuit 
board to the said component layer to cover the 
said distribution means, and forming at least one 
via (130) of opticaJ transmission material (204) 
through at least one of the said layers between the 
said dstribution nneans and the surface of the 
circuit board. 

2. A method according to claim 1, CHARAO 
TERISED IN THAT the cfistribution means is se- 
cured to the said component layer prior to the 
lamination step. 

3. A method according to daim 1 or 2. 
CHARACTERISED IN THAT the distribution means 
comprises a plurality of optical fibers (110 to 113) 
with a via (130 to 133) intersecting with each re- 
pective fiber. 

4. A method according to claim 3. CHARAC- 
TERISED IN THAT a mirrored plug (210) forms 
each via 

5. A method according to claim 1 or 2, 
CHARACTTERISED IN THAT the distribution means 
comprises at least one layer of transparent material 
or at least one optical fiber mat of interwoven 
fibers, and in that each via extends from a trans- 
parent layer or mat to a component on the compo- 
nent layer. 

6. A printed drcuit board comprising a compo- 
nent layer (101. 304). and optical signal distribution 
means (110 to 113 or 303) secured to the said 
component layer. CHARACTERISED BY at least 
another layer (100) of circuit board laminated to ff^e 
component layer and covering the said distribution 
means, and at least one via (130) of optical trans- 
mission material (412) extending through at least 
one (300) of the layers betwssn the distribution 
means and the surface of the dircah board. 

7. A printed drcuit board according to claim 6, 
CHARACTERISED IN THAT an opto-electrical de- 
vice (121) Is located on the drcuit board suriace 
and over a respective via. 

8. A drcuit board according to daim 6 or 7. 
CHARACTTERISED IN THAT the cfistribution means 
comprises a plurality of optical fibers (110 to 113) 
wrth a via (130 to 133) intersecting with each liber. 

9. A circu it bdanj acconfing to claim 6 or 7. 
CHARACTERISED IN THAT the distn*bution means 
comprises at least one layer of transparent matarial 



(103) or at least one optical fiber mat of interwoven 
fibers, and in that each via extends from a trans- 
parent layer or mat to a component (4ii) on tiie 
component layer. 
5 10. A d rcuit board according to claim 8, 
CHARACTERISED IN THAT a minrored plug (210) 
forms each via. 
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